Introduction
After an individual undergoes a pelvic tumor resection, it is important that he or she achieves adequate trunk support as well as satisfactory lower extremity function in order to gain an adequate quality of life (QOL) [1] . Pelvic ring reconstruction and hip arthrodesis using a microsurgical technique are reported to have superior treatment outcomes [1] . However, no detailed reports have investigated the differences in long-term (≥post-operative 10 years) spinal deformity and QOL caused by different extents of bone resection or reconstructive procedures. In the present study therefore, we investigated the cases of three patients who underwent different reconstructive surgeries that used microsurgery after pelvic tumor resection ≥10 years ago, and we evaluated the effects of reconstructed pelvic ring and hip function on spinal deformity and QOL.
Subjects
Three patients who underwent surgery to treat a bone tumor originating in the pelvis at Fukushima Medical University Hospital since 1996 were investigated ( Table 1) . At the time of surgery, two patients were 43 years old and one patient was 66 years old. There were two men and one woman. The patients' histopathological diagnoses were chondrosarcoma, malignant fibrous histiocytoma of bone, and giant cell tumor of bone (GCTB). The disease stages, assessed using the surgical staging system (modified Enneking classification [2] by the MSTS (Musculoskeletal Tumor Society)/ISOLS (International Society of Limb Salvage), were IB and IIB in two patients. The GCTB was locally aggressive.
For the tumor resection, Patients 1 and 2 (who had malignant tumors) underwent a wide resection. Patient 3 (who had GCTB) underwent a marginal resection.
The reconstructive method for each patient was decided based on the extent of bone resection. Patient 1, who required a resection of the wing of the ilium (Type I [3] ) alone, underwent pelvic ring reconstruction with a double-barreled free vascularized fibular graft (FVFG). The FVFG was placed between the sacrum and the iliac bone, and was fixed with a reconstruction plate (Figure 1) . Patient 2, who required resection of the iliac bone and acetabular portion (Type I + II), underwent a pelvic ring reconstruction using an FVFG according to the method described by Nagoya et al. [1] and simultaneous hip arthrodesis. The FVFG was placed between the sacrum and femoral head and fixed with a screw. With the use of a spine instrument, the area between the fifth lumbar vertebra and femur was fixed rigidly, and the pelvic ring reconstruction and hip arthrodesis were performed simultaneously. The fixation angle of the hip was 30˚ of flexion, and the leg length discrepancy was 2 cm (Figure 2) .
In contrast, while Patient 3 had acetabular resection (Type I ＋ II), a free latissimus dorsi flap surgery alone was performed due to extensive coverage of soft tissue defects, and the pelvic ring and hip were consequently not reconstructed (Figure 3) .
The postoperative clinical courses of all three patients showed successful engraftment of tissues. Patients 1 and 2 (who received an FVFG) showed bone union of the remaining pelvic ring and the grafted fibula at 3 months postoperatively. Complications such as fracture of the grafted fibula or infection were not observed, and The post-reconstruction follow-up periods in these three patients were 12 years and 8 months, 12 years and 7 months, and 10 years and 4 months.
Evaluation Method
Spinal deformity and QOL were evaluated in all three patients. Spinal deformity is a secondary change that occurs due to pelvic deformation or hip dysfunction after surgery and is thought to have pathology similar to that of hip-spine syndrome [4] . Therefore, radiological measurement methods [5] [6] that are used to evaluate hipspine syndrome were used to determine spinal deformity (Figure 4) . Using whole spine radiography, the following four parameters were measured: the Cobb angle (Figure 4(a) ), the thoracic kyphosis angle (TKA) and lumbar lordosis angle (LLA) (Figure 4(b) ), the pelvic angle (PA) in the sagittal plane (Figure 4(c) ), and spinal balance in the sagittal plane (i.e., the distance from the C7 plumb line to the hip axis: C7 PL-HA) (Figure 4(d) ).
The measurements were performed in triplicate by the same examiner, and the means of these measurements were used. The TKA was measured as the angle between the lines extending from the superior edge of the first thoracic vertebra and the inferior edge of the twelfth thoracic vertebra. The LLA was measured as the angle between the lines extending from the inferior edge of the twelfth thoracic vertebra and the superior edge of the sacrum.
For the PA and C7 PL-HA measurements, the midpoint of the line that connects the center points of both the left and right acetabula was set as the hip axis (HA). The angle between the line that connects the HA, the posterosuperior corner of S1, and the plumb line was measured as the PA. The distance between the C7 plumb line (a plumb line from the center point of the body of the seventh cervical vertebra) and the HA was measured as the C7 PL-HA. We compared the patients' TKA, LLA, PA, and C7 PL-HA values with the appropriate levels for Japanese people [7] . The patients' QOL was assessed with Enneking's functional evaluation of the affected limb (ISOLS score) [3] , the Roland-Morris Disability Questionnaire(RDQ), activities of daily living (ADL) satisfaction using a visual analogue scale(VAS), and the SF-36 short-form health survey. (Table 2) 2.1.1. Cobb Angle The Cobb angles were 3˚, 11˚, and 22˚ for Patients 1, 2, and 3, respectively. These results show that spinal alignment in the frontal plane was exacerbated by pelvic ring disruption and decreased hip function.
Results

Spinal Deformity
TKA and LLA
The TKAs were 38˚, 32˚, and 4˚ and the LLAs were 49˚, 44˚, and 7˚ for Patients 1, 2, and 3, respectively, indicating that the physiological curvature of the spine decreases with disruption of the pelvic ring and hip.
Compared to the appropriate levels for Japanese people, both the TKA and the LLA deviated from the appropriate level in Patient 3. This indicated that spinal alignment in the sagittal plane can be maintained favorably by reconstructing the pelvic ring and hip durability for weight bearing.
PA
The PAs, which represent the extent of pelvic rotation in the sagittal plane, were −25˚ and −15˚ in Patients 1 and 2, respectively, and both were at appropriate levels for Japanese people. In contrast, a posterior pelvic tilt with the PA of −44˚ was observed in Patient 3, indicating that the pelvic rotation in the sagittal plane can be favorably maintained by reconstructing the pelvic ring and hip durability for weight bearing. Appropriate levels in Japanese people [7] 16 -64 34 -74 −5 to −29 <0
TKA, thoracic kyphosis angle; LLA, lumbar lordosis angle; PA, pelvic angle; C7 PL-HA, distance between C7 plump line and hip axis.
C7 PL-HA
The C7 PL-HA, which indicates the anteroposterior balance of the trunk in the sagittal plane, is reported [5] as negative when there is appropriate anteroposterior balance, because the C7 plumb line passes through posterior to the HA. Patient 1 had an appropriate C7 PL-HA value, −40 mm. In contrast, Patients 2 and 3 showed poor anteroposterior balance with C7 PL-HA values of +17 mm and +19 mm, respectively, denoting that not only pelvic ring disruption, but also the presence or absence of hip arthrodesis affects sagittal plane balance.
ISOLS Score (Table 3)
The ISOLS score [3] in Patient 1, who underwent only pelvic ring reconstruction, was satisfactory at 93%. Low ISOLS scores were obtained by Patients 2 and 3. Patient 2, who additionally underwent hip arthrodesis, had a score of 53%, and Patient 3 who did not undergo pelvic ring reconstruction had a score of 23%. These results showed that both pelvic ring reconstruction and hip arthrodesis affect postoperative lower extremity function. (Table 4 ) Patient 1's score on the RDQ, a low back pain-specific QOL measurement, was higher than the national norm, whereas the scores of the other two patients were lower than the national norm. This implied that hip arthrodesis and pelvic ring disruption can elicit low back pain that could decrease QOL. (Table 4) ADL satisfaction using the VAS was high in both Patients 1 and 2, with scores of 100% and 80%, respectively. In contrast, Patient 3 had a markedly low score of 15%. Thus, for subjective ADL improvement, pelvic ring reconstruction and hipsupport are essential.
Roland-Morris Disability Questionnaire (RDQ) Score
ADL Satisfaction
SF-36 (Table 5)
For the SF-36, which measures health-related QOL, Patient 1 had higher scores compared to the national normin all subscales. In contrast, the other two patients had scores lower than the national norm. In particular, Patient 3 (with pelvic ring disruption) had low scores in physical functioning and in both the role-physical and role-emotional subscales. These results demonstrated that hip arthrodesis and pelvic ring disruption negatively impact both physical and mental health.
Discussion
Various methods of pelvic ring reconstruction after pelvic tumor resection have been reported. Reconstruction with mega prostheses [8] are known to be superior in early postoperative support but have risks of deep infection, as well as long-term loosening and damage. Allogeneic bone grafts [9] have also been reported to present risks of pseudoarthrosis, fracture, and infection, and are difficult to obtain in Japan. In recent years, although reconstructions using autogenous bone grafts after intraoperative extracorporeal heat treatment [9] or irradiation [10] have been reported, pseudarthrosis, fracture, and infection are issues, as they are for allogeneic bone grafts. Since pelvic ring reconstruction with an FVFG [1] uses living bone, an enhancement of the rate of bone union, the prevention of infection, and the assurance of strength due to transverse diameter enlargement can be anticipated in comparison to the aforementioned reconstruction method. In addition, by using a double-barreled technique, support can also be reinforced. Indeed, in two of the present patients, bone union was achieved within 3 postoperative months; infections or fractures were not observed, and long-term rigid stability was maintained. After pelvic tumor resection, varying degrees of morphological and mechanical disruptions occur to the pelvis and hip depending on the extent of resection and the presence or absence of reconstruction. These changes elicit long-term compensatory alignment abnormalities to the spine with the adjacent weight-bearing joint. This is thought to be a pathology similar to that of secondary hip-spine syndrome [4] . Therefore, in the present study, we investigated spinal deformity by the measurement method used to evaluate hip-spine syndrome.
With regard to the spinal alignment in the frontal plane, the results of the present study revealed that the extent of scoliosis differs depending on the presence or absence of pelvic ring reconstruction and hip arthrodesis, even in cases with acetabular resection. This suggested that, if hip durability for weight bearing can be reconstructed as it was in Patient 2, secondary scoliosis can be reduced.
Regarding alignment in the sagittal plane, only Patient 3 (who did not undergo pelvic ringer construction and hip arthrodesis) had physiological curvature of the spine and pelvic rotation that deviated from the Japanese national norm. This indicated that it is possible to maintain satisfactory spinal alignment in the sagittal plane by reconstructing the pelvic ring and fixing the hip in a favorable limb position.
In terms of the spinal balance in the sagittal plane, when the pelvis becomes tilted in the anteroposterior direction, the physiological curvature of the spine typically changes as compensation, such that the sagittal plane balance is maintained at the appropriate level. Patient 3, who did not undergo pelvic ring reconstruction, had poor anteroposterior balance, even though the physiological curvature of his spine had decreased as compensation. This signifies that, when pelvic deformity progresses, anteroposterior balance will not be completely corrected even if there are compensatory spinal alignment changes.
Patient 2 who underwent both pelvic ring reconstruction and hip arthrodesis, also had sagittal plane balance that deviated from the norm. Since Patient 2's hip was fixed at 30˚ flexion, the pelvis had an anterior tilt in the standing position compared to the other two patients, and for this reason, the physiological curvature of the spine should normally compensate by curving further. However, in actuality, compared to Patient 1 who had an even smaller anterior pelvic tilt, Patient 2's physiological curvature was conversely reduced. This may have been due to the effects of spine mobility, indicating that because Patient 2 was significantly older than the other two pa-tients (78 yrs old vs.55 and 53 yrs old) at the final follow-up and because spondylosis-related changes were evident on the plane radiographs, there is a possibility that the compensation was inadequate due to a reduction in spinal mobility.
Regarding the patients' QOL, the ISOLS scores for pain, function, and emotional acceptance [3] were high in Patients 1 and 2. If the pelvic ring is reconstructed and hipstability is achieved, then pain caused by spinal deformity can be avoided, and functionally favorable satisfaction can also be obtained. In contrast, the categories of support, walking ability, and gait showed that Patient 2 had low support and gait scores due to claudication and the use of bilateral crutches during walking. However, compared to Patient 3, who uses a wheelchair regularly due to difficulties in weight-bearing of the affected limb, Patient 2 had clearly higher scores. Even after acetabular resection, walking ability that is helpful in daily life can be gained with hip arthrodesis.
Using the RDQ, we investigated the effects of low back pain (which is induced in conjunction with spinal deformity) on the patients' QOL. Patient 1 (who underwent pelvic reconstruction) did not experience low back pain throughout the entire clinical course. In contrast, despite the spinal deformity itself not being largely different from that of Patient 1, Patient 2 experienced low back pain when he was in a supine position, at the start of movement, and during long periods of standing or walking. Patient 2's RDQ score was accordingly low. Given the results, this could be due to posture abnormality caused by the exacerbation of anteroposterior balance. However, there are several other probable causes of low back pain, such as lordosis exacerbation in the supine position due to the limb position of the hip arthrodesis, or spondylosis-related changes due to aging. As such, it is difficult to ascertain to what extent anteroposterior balance exacerbation alone is involved in the RDQ assessment score.
Patient 3 with advanced spinal deformity had persistent low back pain across all types of ADL movements, and the RDQ score was lower than that of Patient 2. In other words, spinal deformity that is induced in association with pelvic ring disruption can elicit low back pain, which can secondarily decrease QOL.
In terms of the patients' self-evaluated QOL, the VAS score of ADL satisfaction was markedly lower in Patient 3 with pelvic ring disruption. Moreover, the SF-36results also indicated markedly low physical functioning and role-physical (physical role functioning), as well as poor role-emotional (emotional role functioning), in Patient 3. These results showed that the decline in physical health due to pelvic ring disruption can also elicit a decline in mental health.
Summary
The results of the present study demonstrated that after pelvic tumor resection, not only pelvic ring disruption but also the presence or absence of acetabular resection affect the long-term clinical course, including spinal deformity and QOL. Our findings also clarified that, by performing pelvic ring reconstruction together with hip arthrodesis, the exacerbation of spinal deformity or QOL can be reduced, even in acetabular resection cases. Pelvic ring reconstruction and hip arthrodesis using an FVFG are superior operative procedures that can maintain satisfactory spinal alignment and QOL over a long period of time. The present study is preliminary, investigating only three patients; this is a major limitation. Further studies are needed with larger numbers of patients with pelvic tumors who underwent microsurgical reconstruction after radical resection.
